ENZYME COMPOSITION ADAPTED FOR APPLICATION TO 
RUMINANT FEED TO INCREASE PROTEIN DIGESTABILITY 
THEREOF AND METHOD OF TREATING RUMINANT FEEDS 

RELATING THERETO 

5 

Field of the Invention 

The present invention relates to ruminant feed conditioners and 
modifiers and application techniques relating thereto. More 
particularly, the present invention relates to exogenous enzyme 
10 compositions adapted for treating ruminant feed to improve protein 
digestability and retention and decrease nitrogen-containing waste. 

Related Applications 

The present application is a divisional application of co-pending 
U.S. Patent Application No. 09/626,875, filed July 27, 2000, which is a 

15 non-provisional filing claiming priority of U.S. Patent Application Serial 
No. 60/146,041 filed July 27, 1999 and U.S. Patent Application Serial 
No. 60/146,210 filed July 28, 1999, all of which priority applications 
being incorporated by reference herein in their entirety. The present 
application contains subject matter which is related to the subject 

20 matter of U.S. Patent No. 5,662,901 entitled ENZYMATIC GRAIN 
CONDITIONER AND METHODS OF USING IT, which, by this 
reference, is incorporated in its entirety herein. 
Background of the Invention 

As described in more detail in U.S. Patent No. 5,662,901, the 
25 practice of applying products containing active enzymes to ruminants 
feed is known. In particular, such enzymes can be utilized to increase 
the food value of grains and feeds such as corn, grain sorghum, barley, 
rye and oats. Application of certain active enzymes to ruminant feed 
has been shown to increase carbohydrate availability and fiber 
30 digestability, which contribute to increased rate of weight gain and feed 
utilization efficiency. 

Despite these improvements in feed utilization, pollution from 
nitrogen-containing waste, including waste containing nitrates and 

\\\DE - 80470/0022 - 186120 v I 



o 



ammonia, continues to be an environmental problem associated in 
particular with cattle feedlots and dairy operations. Clearly, if one were 
able to cause ruminants to increase retention of the nitrogen content of 
feed, a concomitant decrease in nitrate and other nitrogen-containing 
5 waste would be expected to occur. Techniques for this purpose include, 
hormonal supplements for ruminants, but such techniques are 
increasingly disfavored, in part due to the other possible health effects 
on individuals consuming meat products from the ruminants. 

It can thus be seen that a need remains for a safe and 

o 

10 economical technique which decreases production of nitrogen- 
containing wastes from ruminants. There also remains a need for 
techniques and compositions which increases protein content of milk 
from dairy cows and protein content of meat in cattle. It is therefore 
against the background described above that the advances of the 

15 present invention have been made. 

Summary Of The Invention 

The present invention relates to enzyme feed supplements 
containing fungal cellulase produced by Trichoderma viride which are 
specially adapted for increasing protein digestability of feed by dairy 

20 cow, cattle and other ruminants. Preferred embodiments of the present 
invention include enzyme formulations adapted for application to easier 
to digest grains such as corn, and enzyme formulations adapted for 
application to harder to digest grains, such as grain sorghum, to which 
are added Trichoderma viride cellulase enzyme. An increase in protein 

25 digestability has been evidenced by increased protein content of milk 
and increased nitrogen retention from the feed. 

Brief Description of the Drawings 

FIG. 1 is a graph showing total pounds per day of milk produced 
by dairy cows fed an enzyme composition of the present invention. 

30 FIG. 2 is a graph showing total pounds of milk fat produced by 

dairy herd cows in the production tests illustrated in FIG. 1. 

2 
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FIG. 3 is a graph showing total pounds of milk protein produced 
by dairy herd cows in the production tests illustrated in FIGS. 1 and 2. 

FIG. 4 is a graph illustrating total pounds per day of milk 
produced by dairy cows fed an enzyme composition of the present 
5 invention during a time period which was proceeded and followed by 
periods of eating feed not treated with such an enzyme treatment. 

FIG. 5 is a graph showing total pounds of milk fat produced by 
dairy herd cows in the production tests of FIG. 4. 

FIG. 6 is a graph showing total pounds of milk protein produced 
10 by dairy herd cows in the production tests of FIGS. 4 and 5. 

Detailed Description 

The present invention relates to enzyme feed supplements 
containing fungal cellulase produced by Trichoderma viride which are 
specially adapted for increasing protein digestability of feed ingested 

15 by dairy cows, cattle and other ruminants such as sheep, goats, bison, 
deer and the like. Preferred embodiments of the present invention 
include enzyme formulations adapted for application to easier to digest 
grains such as corn, and enzyme formulations adapted for application 
to harder to digest grains, such as grain sorghum, to which are added 

20 Trichoderma viride cellulase enzyme. An increase in protein 

digestability has been evidenced by increased milk protein production 
and increased nitrogen retention from the feed. This is unexpected 
because enzymes such as cellulase are generally polymer specific, 
with cellulase directly degrading cellulose, not protein. Furthermore, in 

25 vitro, even crude Trichoderma viride preparations tend to be active 
selectively on the hydrolysis of carbohydrates, including non-starch 
polysaccharides, not on polypeptides and proteins. 

Generally, enzyme formulations of the present invention include 
exogenous Trichoderma viride cellulase enzyme, which, in addition to 
30 providing a broad-spectrum fibrolytic enzyme component, provides 
unexpected increases in total milk production and protein digestability 
of the ruminant feed. In one embodiment of the present invention, 

3 
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exogenous Trichoderma viride cellulase enzyme is applied to rations 
fed to dairy cows. Generally, an increase in total milk production is 
obtained and protein and total fat produced by these dairy cows is 
maintained or increased, as is described in Example I below. 

5 EXAMPLE I 

To establish baseline values of milk fat and protein content of 
milk obtained from a 1400 head of dairy herd, the herd was fed a 
control diet generally comprising total mixed ration with conventional 
supplementation from August 1 to 31, 1998 (1 st Control Period). Milk 

10 fat and protein content measurements were made during the 1 st Control 
Period, with average milk fat and protein contents summarized below in 
Table I. Baseline measurements were obtained during the period 
September 1 to 18, 1998, with average milk fat and protein contents 
summarized below. The cows were then given feed treated with an 

15 enzyme composition comprising exogenous pectinase, beta-glucanase, 
amylase enzyme, hemicellulase and Trichoderma viride cellulase 
enzymes (see Cattle-Ase™ C formulation described below). The 
enzyme composition was applied at a rate of 185 grams of enzyme 
composition per ton of dry matter from September 18 to 30, 1998 (1 st 

20 Test Period). Average milk fat and protein content measurements for 
this period are summarized in Table I. The cows were also given feed 
treated with the enzyme composition at an application rate of 185 
grams of enzyme composition per ton of dry matter from October 1 
through 31, 1998 (2 nd Test Period). Average milk fat and protein 

25 content for this period are also summarized in Table I below. 

TABLE I 





1 st 
Control 
Period 


Control 
Period 


Weighted 
Avg. Control 
Periods 


1 st 
Test 
Period 


Test 
Period 


Weighted 
Avg. Test 
Periods 


Average 
Milk Fat 
Content % 


3.66% 


3.62% 


3.65% 


3.75% 


3.84% 


3.73% 


Average 
Protein 


3.09% 


3.13% 


3.10% 


3.20% 


3.25% 


3.24% 
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On average, the average milk fat content of the milk produced by 
dairy cows in the study described above increased measurably on a 
diet of feed pre-treated with an enzyme composition of the present 
invention, from 3.65% to 3.73%. On average, the protein content of the 
5 milk produced by dairy cows in the study described above also 
increased measurably on a diet of feed pre-treated with an enzyme 
composition of the present invention, from 3.10% to 3.24% on average. 

EXAMPLE II 

To further document increases in milk product obtained with 
10 enzyme compositions of the present invention adapted for application 
to dairy cow diets to increase total protein and/or milk production, a 
formulation from Loveland Industries, Inc. under the trademark Cattle- 
Ase™-HR which contained dried Trichoderma viride fermentation 
extract, water and propylene glycol with cellulase derived from T. viride 
15 present in at least 15,000 units per gram was fed to a herd of 

approximately 1700 dairy cows. Prior to the treatment, control periods 
were established in which the dairy cows 1 feed was not treated with the 
enzyme formulation. 

Test results for this herd are detailed in FIGS. 1-3. Referring 
20 now to FIG. 1, the vertical (y) axis represents total pounds of milk 

produced per cow per day while the horizontal (x) axis represents time, 
in days, from February 1, 1999 to July 26, 1999. Trace 10 represents 
the total pounds of milk produced per cow at the point in time the milk 
was collected from the dairy for transport to the purchaser. 
25 Measurements began at February 2, 1999 through March 22, 1999, the 
cows were fed a control diet containing no Cattle-Ase™-HR feed 
treatment (1 st non-treatment period). Trend line 14 having a negative 
slope of -0.034 pounds of milk per cow per day indicates a steadily 
decreasing milk production during the 1st non-treatment period. A 1 st 
30 enyzme treatment of the dairy cow feed stock then began on March 23, 
1999 (16) and continued through April 15, 1999, when enzyme 

5 
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treatment ended (18). The trend line 20 indicates a steadily increasing 
milk production through the 1 st enzyme treatment period— the trend line 
having a positive slope of 0.273 pounds of milk per cow per day during 
this period. The 2 nd non-treatment period continued from April 15, 
5 1999 through June 9, 1999, after which a 2 nd enzyme treatment began 
(22) on June 10, 1999. Trend line 24 having a negative slope of 
-0.005 pounds of milk per cow per day indicates a somewhat flat 
period of milk production during the 2 nd non-treatment period. The 2 nd 
enzyme treatment ended July 15, 1999 (26), after which a 3 rd non- 
10 treatment period began. The trend line 28 has a slope of 0.78 

Ib/milk/cow/day, which reflects an increase in milk production through 
the 2 nd enzyme treatment period. Trend line 30, having a negative 
slope of -0.430, indicates a steadily falling milk production after 
enzyme treatments stopped. 

15 Referring now to FIG. 2, it can be seen that FIG. 2 is similar to 

FIG. 1, except that vertical (y) axis represents total milk fat produced 
per cow per day. Trace 31 represents the total pounds of milk fat 
produced per cow at the point in time the milk was collected from the 
dairy for transport to the purchaser. Trend line 34, which covers the 1 st 

20 non-treatment period (32) to (36) has a negative slope of -0.0022 
pounds of milk fat per cow per day, indicative of a steadily decreasing 
milk fat production during the 1 st non-treatment period. Trend line 40, 
which covers the 1 st enzyme treatment period (36) to (38), has a 
positive slope of 0.0048 pounds of milk fat per cow per day during this 

25 period, reversing the previous trend of decreasing milk fat production. 
Trend line 44, which covers the 2 nd non-treatment period (38) to (42) 
has a negative slope of -0.0024, which is indicative of a steadily 
decreasing milk fat production during the 2 nd non-treatment period. 
Trend line 48, which covers the 2 nd enzyme treatment period (42) to 

30 (46), has a positive slope of 0.0033 pounds of milk fat per cow per day 
during this period, reversing the previous trend of decreasing milk fat 
production. Trend line 50, which covers the 3 rd non-treatment period 
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beginning at (46) has a negative slope which is indicative of decreasing 
milk fat production. 

Referring now to FIG. 3, it can be seen that FIG. 3 is similar to 
FIGS. 1 and 2, except that vertical (y) axis represents total milk protein 
5 produced per cow per day. Trace 51 represents the total pounds of 
milk protein produced per cow at the point in time the milk was 
collected from the dairy for transport to the purchaser. Trend line 54, 
which covers the 1 st non-treatment period (52) to (56) has a negative 
slope of -0.0012 pounds of milk protein per cow per day, indicative of a 

10 steadily decreasing milk protein production during the 1 st non-treatment 
period. Trend line 60, which covers the 1 st enzyme treatment period 
(56) to (58), has a positive slope of 0.0087 pounds of milk protein per 
cow per day during this period, reversing the previous trend of 
decreasing milk protein production. Trend line 64, which covers the 2 nd 

15 non-treatment period (58) to (62) has a negative slope of -0.001 1 , 
which is indicative of a slightly decreasing milk protein production 
during the 2 nd non-treatment period. Trend line 68, which covers the 
2 nd enzyme treatment period (62) to (66), has a slope of close to zero 
(-0.0005 pounds of milk protein per cow per day during this period). 

20 Trend line 70, which covers the 3 rd non-treatment period beginning at 
(66) has a negative slope of -0.0190 which is indicative of decreasing 
milk protein production. 

EXAMPLE III 

To further document increases in milk product obtained with 
25 enzyme compositions of the present invention adapted for application 
to dairy cow diets to increase total protein and/or milk production, a 
formulation from Loveland Industries, Inc. under the trademark Cattle- 
Ase™-C Dry Formula comprising exogenous pectinase, beta- 
glucanase, amylase enzyme, hemicellulase and Trichoderma viride 
30 cellulase enzymes (see Cattle-Ase™ C Dry Formula described below), 
was fed to a herd of approximately 2100 dairy cows. Prior to the 
treatment, a control period was established in which the dairy cows' 
feed was not treated with the enzyme formulation. 
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Test results for this herd are detailed in FIGS. 4-6. Referring 
now to FIG. 4, the vertical (y) axis represents total pounds of milk 
produced per cow per day while the horizontal (x) axis represents time, 
in days, from March 1 to June 28, 1999. Trace 110 represents the total 
5 pounds of milk produced per cow at the point in time the milk was 
collected from the dairy for transport to the purchaser. Measurements 
began at March 1, 1999 (112) and continued through March 19, 1999 
(116) during which times the cows were fed a control diet containing no 
Cattle-Ase™-C (1st non-treatment period). Trend line 1 14 has a 

10 positive slope of 0.45 Ib/milk/cow/day which indicates an increasing 
milk production during the 1 st non-treatment period. A 1 st enyzme 
treatment of the dairy cow feed stock then began on March 20, 1999 
(116) and continued through May 12, 1999, when enzyme treatment 
ended (118). The trend line 20 indicates total milk production 

15 increased through the 1 st enzyme treatment period at a steeper rate 
than that seen during the 1 st non-treatment period — trend line 20 
having a positive slope of 0.087 Ib/milk/cow/day during this period. The 
1 st enzyme treatment period was followed by a 2 nd non-treatment 
period which ended when measurements stopped at June 30, 2000. 

20 Trend line 124 has a negative slope of -0.053 Ib/milk/cow/day indicates 
a period of overall decrease in milk production during the 2 nd non- 
treatment period. 

Referring now to FIG. 5, it can be seen that FIG. 5 is similar to 
FIG. 4, except that vertical (y) axis represents total milk fat produced 

25 per cow per day. Trace 131 represents the total pounds of milk fat 
produced per cow at the point in time the milk was collected from the 
dairy. Trend line 134, which covers the 1 st non-treatment period (132) 
to (136) has a slope of 0.055 lb/milk fat/cow/day, indicates increasing 
milk fat production during the 1 st non-treatment period. Trend line 140 

30 relating to the 1 st enzyme treatment period (136) to (138), has a 
positive slope of 0.0017 055 lb/milk fat/cow/day, which is less of an 
increasing rate than the previous non-treatment period. Trend line 144, 
which covers the 2 nd non-treatment period (138) to (142) has a 

8 
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negative slope of -0.0039, which is indicative of a steadily decreasing 
milk fat production during the 2 nd non-treatment period. 

It can be seen that FIG. 6 is similar to FIGS. 4 and 5, except that 
vertical (y) axis represents total milk protein/cow/day. Trace 51 
5 represents the total pounds of milk protein produced per cow at the 
point in time the milk was collected from the dairy for transport to the 
purchaser. Trend line 154, which covers the 1 st non-treatment period 
(152) to (156) has a positive slope of -0.0030 lb/milk protein/cow/day, 
indicative of a steadily increasing milk protein production during the 1 st 

10 non-treatment period. Trend line 160, which covers the 1 st enzyme 
treatment period (156) to (158), has a positive slope of 0.0022 lb/milk 
protein/cow/day during this period, which is somewhat similar to the 
total protein production during the 1 st non-treatment period. Trend line 
164, which covers the 2 nd non-treatment period (158) to (162) has a 

15 negative slope of -0.0030, which is indicative of a decreasing milk 
protein production during the 2 nd non-treatment period. 

EXAMPLE IV 

Unexpected increases in nitrogen retention have been observed 
when treating rations feed to sheep with active Trichoderma viride 
20 cellulase enzyme. Twelve Rambouillet wethers, (average 6 months old 
and 64 Ibs/ea.) were divided into four treatment groups and fed diets 
with either 10% or 20% chopped alfalfa hay, as described in Table II. 



Table II 



Ingredient 


10% Alfalfa Hay Diet 


20% Alfalfa Hay Diet 


Alfalfa hay, chopped 


10.00% 


20.00% 


Corn, rolled 


69.19% 


59.49% 


Soybean meal 


7.50% 


7.50% 


Cottonseed meal 


5.75% 


5.75% 


Molasses, liquid 


5.00% 


5.00% 


Limestone, ground 


1.00% 


1 .00% 


Salt, plain 


0.50% 


0.50% 


Ammonium chloride 


0.50% 


0.50% 


Urea 


0.30% 
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Vitamin A, D & E premix 



0.26% 



0.26% 



10 



Active Trichoderma viride cellulase enzyme in dry granular form 
was premixed with the ground corn and then mixed with the alfalfa 
portion of the diet at a rate of 28 grams per ton basis. After the 1st 
collection period, diets were switched among groups so that no wether 
received its 1st treatment. This design allowed a total of six animal 
observations per treatment. Dry matter digestibility, crude protein 
digestibility and nitrogen retained were all increased over the control in 
the rations containing with the enzyme addition for both the 10% and 
20% alfalfa diets. Sheep metabolism measurements obtained are 
summarized in Table III below. 

Table III 





10% Alfalfa Hay Diet 


20% Alfalfa Hay Diet 


Control 


Cellulase Enzyme 
Treated Diet 


Control 


Cellulase Enzyme 
Treated Diet 


dry matter 
digestibility % 


82.7 a 


87. 1 b 


79. 0 a 


85.5 b 


crude protein 
digestability % 


77.7 a 


84.7 b 


76.2 3 


81. 5 b 


grams nitrogen 
N retained 


8.3 a 


11.4 b 


9.0 a 


12.1 b 



15 



20 



It should be understood that means in the same row within the 
same diet having different superscripts a and b differ. As can be seen 
from a review of Table III, and as expected, application of the 
Trichoderma viride cellulase enzyme to both the 10% and 20% alfalfa 
hay diets increased markedly the dry matter digestability of the feed in 
the sheep tested, as compared to sheep fed control diets. This is 
unexpected because enzymes such as cellulase are generally polymer 
specific, with cellulase directly degrading cellulose, a dry matter 
constituent. Unexpectedly, however, application of the 7. viride 
cellulase enzyme to both the 10% and 20% alfalfa hay diets also 
increased markedly the crude protein digestability of the feed in the 
sheep tested and resulted in increased nitrogen retention, as compared 
to sheep fed control diets. These results were unexpected because it 

10 
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is the present understanding that cellulase does not directly degrade 
protein. It is believed by the inventors hereof that the increase in 
carbohydrate solubilization resulting to ingestion of T. viride cellulase, 
upon which rumen microbial population feed, thereby improving rumen 
5 protein degradation indirectly. 

EXAMPLE V 

One hundred and seventy-five (175) crossbred steers (604 lb.) 
were randomly divided by weight into five treatment groups with five 
pens of seven steers per treatment. The five treatments were: 

10 1) cellulase liquid, 2) cellulase liquid + Digest C liquid (combination 
liquid), 3) control (no enzyme), 4) Digest C liquid and 5) cellulase dry + 
Digest C dry (combination dry). Steers were fed a steam flaked corn 
and alfalfa hay based diet on an ad Librium basis. The liquid form 
enzyme treatments were sprayed on the corn or hay components for 

15 each pen immediately prior to mixing the complete diet, while those in 
the dry form were mixed with ground corn and added to the diet via a 
premix. The study was divided into three (3) 56 day phases with alfalfa 
hay and corn at approximately 50:40, 30:60 and 10:80% for each 
respective phase. Each phase was summarized and analyzed as a 

20 separate experiment. A total of five (5) steers were not included in the 
data summaries - two (2) died, two (2) had leg or foot injuries and one 
(1) had foot rot. The cellulase enzyme was used at a rate of 5 ozs. per 
ton basis and Digest C at a rate of 6 ozs. per ton basis. Steers were 
weighed every 28 days and feed intake, average daily grain and 

25 feed:gain ratio were calculated on a pen basis for each 56 day phase. 

Phase 1 (50% roughage diets) . Dry intake was not different 
across treatments. However, steers receiving all enzyme treatment 
were more efficient and gained weight at a faster rate. This resulted 
from feeding a high roughage, backgrounding type diet support 
30 information gained from the in vitro studies and the sheep metabolism 
experiment, and suggest that steers fed this type of diet need 
supplemental enzymatic activity of the kind provided for optimal feed 

11 
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utilization. Improvements in average daily gain ranged from 10 to 23% 
while improvement in feed:gain ratio ranged from 14 to 19%. 

Phase 2 (30% roughage diets) . Steers were immediately 
switched from the 50% alfalfa hay diet to the 30% diet after the 56 day 
5 weighing. Dry matter intake increased about 2 lbs. per steer per day 
across all treatments as referenced from Phase 1 , but were not 
different. Likewise, average daily gains and feed:gain ratios were not 
different across treatments. The average weight of steers at the end of 
the 56 day phase was 923 lbs. Thus, it is likely that roughage level in 
10 the diet was limiting net energy intake needed during this phase and 
consequently reduced the steer's energetic efficiency for gain. 

Phase 3 (10% roughage diets . Steers were gradually switched 
from the 30% alfalfa hay diet to the 10% diet over a 7 day period, at 
which time all enzyme treatments were still being added on a diet 

15 component basis. Feed intake was higher for the control treatment as 
compared to all enzyme treatments during this phase. This indicates 
that steers receiving all enzyme treatment were meeting their net 
energy needs at a lower level of intake since average daily gains and 
feed to gain ratios were not different from the control. However, 

20 numerous improvements in average daily gain ranged from 8 to 10% 
while improvements in feed.gain ratio ranged from 1 to 5%. 

Data for overall study across roughage levels (0-168 days) are 
presented in tabular form but were not statistically analyzed because 
there were distinct and biologically evident reasons for bias in doing 
25 such. General directions of the overall data indicate lower feed intake, 
higher average daily gain, and improved feed:gain ratio from enzyme 
addition from either cellulase, Digest C or the combination. 

After slaughtering, a value calculated for carcasses was based 
on prices paid on June 5, 1998, reflecting industry averages. 
30 Carcasses were sold on an industry standard grade and yield grid 

system which includes hot carcass weight, final yield grade and quality 
grade. Steers receiving the Digest C liquid treatment had larger ribeye 

12 
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areas than the control and the combination dry treatment. The 
cellulase liquid and the combination liquid treatments resulted in 
somewhat larger ribeye areas as compared to the control but were not 
different. All enzyme treatments resulted in somewhat heavier hot 
5 carcass weight but were not different from the control. There were no 
differences across final yield grades. However, distribution of 
carcasses across the four (4) quality grades favored the enzyme 
treatments. Overall, the carcass characteristics were informative and 
indicate that steers fed these enzymes may have carcasses that are 
10 somewhat different in composition. 

A presently preferred formulation of an enzyme composition of 
the present invention adapted for application to easier to digest grains 
(such as corn) to be fed to cattle contains dried Aspergilus niger 
fermentation extract, dried Bacillus subtili fermentation extract, dried 

15 richoderma viride fermentation extract, dried Aspergillus oryzae 
fermentation extract and wheat bran such that alpha-amylase is 
present in at least 750 units per gram, total cellulase derived from T. 
viride and A. niger is present in at least 16,000 units per gram. 
Preferably, at least 185 grams of the formulation is applied to each ton 

20 of complete feed on a dry matter basis, or 200 grams per metric ton of 
complete feed on a dry matter basis. This formulation is presently 
available form Loveland Industries, Inc. under the trademark Cattle- 
Ase™-C Dry Formula. 

Another presently preferred formulation of an enzyme 
25 composition of the present invention adapted for application to easier 
to digest grains (such as corn) to be fed to cattle contains dried 
Aspergilus niger fermentation extract, dried Bacillus subtili fermentation 
extract, dried Trichoderma viride fermentation extract, dried Aspergillus 
oryzae fermentation extract and propylene glycol such that alpha- 
30 amylase is present in at least 750 units per gram, total cellulase 

derived from T. viride and A. niger is present in at least 16,000 units 
per gram. Preferably, at least 185 grams of the formulation is applied 
to each ton of complete feed on a dry matter basis, or 200 grams per 

13 
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metric ton of complete feed on a dry matter basis. This formulation is 
presently available form Loveland Industries, Inc. under the trademark 
Cattle-Ase™-C. 

Yet another presently preferred formulation of an enzyme 
5 composition of the present invention adapted for application to harder 
to digest grains (such as grain sorghum) to be fed to cattle contains 
dried Aspergilus niger fermentation extract, dried Bacillus subtili 
fermentation extract, dried Trichoderma viride fermentation extract, 
dried Aspergillus oryzae fermentation extract and propylene glycol such 

10 that beta-glucanase is present in at least 3.2 units per gram, total 
cellulase derived from T. viride and A. niger is present in at least 
16,000 units per gram. Preferably, at least 185 grams of the 
formulation is applied to each ton of complete feed on a dry matter 
basis, or 200 grams per metric ton of complete feed on a dry matter 

15 basis. This formulation is marketed by Loveland Industries, Inc. under 
the trademark Cattle-Ase™-B. 

A related dry formula is available from Loveland Industries, Inc. 
under the trademark Cattle-Ase™-B Dry Formula. This formulation is 
adapted for application to harder to digest grains (such as grain 

20 sorghum) to be fed to cattle contains dried Aspergilus niger 

fermentation extract, dried Bacillus subtili fermentation extract, dried 
Trichoderma viride fermentation extract, dried Aspergillus oryzae 
fermentation extract and wheat bran such that beta-glucanase is 
present in at least 3.2 units per gram, total cellulase derived from T. 

25 viride and A. niger is present in at least 16,000 units per gram. 

Preferably, at least 185 grams of the formulation is applied to each ton 
of complete feed on a dry matter basis, or 200 grams per metric ton of 
complete feed on a dry matter basis. 

Another presently preferred formulation of an enzyme 
30 composition of the present invention adapted for application to harder 
to digest grains (such as grain sorghum) to be fed to cattle contains 
dried Aspergilus niger fermentation extract, dried Bacillus subtili 
fermentation extract, dried Trichoderma viride fermentation extract, 

14 
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dried Aspergillus oryzae fermentation extract and propylene glycol such 
that beta-glucanase is present in at least 3.5 units per gram, total 
cellulase derived from 7". viride and A. niger is present in at least 
15,000 units per gram. Preferably, at least 185 grams of the 
5 formulation is applied to each ton of complete feed on a dry matter 
basis, or 200 grams per metric ton of complete feed on a dry matter 
basis. This formulation is marketed by Loveland Industries, Inc. under 
the trademark Cattle-Ase™-S. 

A related dry formulation is available from Loveland Industries, 
10 Inc. under the trademark Cattle-Ase™-S Dry Formula. This formulation 
is also adapted for application to harder to digest grains (such as grain 
sorghum) to be fed to cattle contains dried Aspergilus niger 
fermentation extract, dried Bacillus subtili fermentation extract, dried 
Trichoderma viride fermentation extract, dried Aspergillus oryzae 
15 fermentation extract and wheat bran, such that beta-glucanase is 
present in at least 3.5 units per gram, total cellulase derived from T. 
viride and A. niger is present in at least 15,000 units per gram. 
Preferably, at least 185 grams of the formulation is applied to each ton 
of complete feed on a dry matter basis, or 200 grams per metric ton of 
20 complete feed on a dry matter basis. 

Another presently preferred formulation of an enzyme 
composition of the present invention adapted for application to dairy 
cow diets to increase protein content of milk and/or increase milk 
production contains dried Trichoderma viride fermentation extract, 

25 water and propylene glycol such that cellulase derived from T. viride is 
present in at least 15,000 units per gram. Preferably, at least 185 
grams of the formulation is applied to each ton of complete feed on a 
dry matter basis, or 200 grams per metric ton of complete feed on a dry 
matter basis. This formulation is marketed by Loveland Industries, Inc. 

30 under the trademark Cattle-Ase™-HR. 

Another presently preferred formulation of an enzyme 
composition of the present invention adapted for application to dairy 
cow diets to increase protein content of milk and/or increase milk 

15 
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production contains dried Trichoderma viride fermentation extract and 
wheat bran, such that cellulase derived from T. viride is present in at 
least 15,000 units per gram. Preferably, at least 170 grams of the 
formulation is applied to each ton of complete feed on a dry matter 
5 basis, or 200 grams per metric ton of complete feed on a dry matter 
basis. This formulation is marketed by Loveland Industries, Inc. under 
the trademark Cattle-Ase™-HR Dry Formula. 

It is believed that optimized nitrogen retention and increased 
protein digestability can be obtained with the different compositions of 

10 the present invention identified above, in a manner designed, to impact 
complex feed energy sources. More particularly, enzyme components 
identified above supplement the natural enzymes in the rumen. In the 
case of cellulase, which is not detected in free form in the rumen, the 
soluble cellulase activity of the T. viride cellulase in the compositions of 

15 the present invention supplements the natural cellulosic function in the 
rumen which is membrane bound and is saturated at all times. All that 
is secreted is used, therefore, the added catalytic activity from the 
broad spectrum cellulase, beta-gluconases and other carbohydrases 
releases energy quickly and efficiently from cellulose and other more 

20 complex feed stuff forms. In this way, the compositions of the present 
invention help to eliminate a potentially rate limiting step in rumen 
metabolism, that being, the conversion of various fibers to intermediate 
compounds which feed functional rumen bacteria. Metabolism studies 
have validated these concepts by showing statistically significant 

25 increased values for dry matter digestibility, crude protein digestibility 
and nitrogen retention. 

Currently, preferred embodiments of the present invention and 
many improvements have been described with a degree of particularity. 
It should be understood that the present invention is defined by the 
30 spirit and scope of the following claims. 
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